Background {#Sec1}
==========

Progress in early cancer detection and effective treatment has rapidly increased the number of cancer survivors. In the US, the 5-year survival rate for all cancers has reached 69.2% for men and 69.1% for women, and these are expected to increase in future years \[[@CR1]\]. In Japan, the 5-year survival rate for all cancers has reached 62% for men and 66.9% for women \[[@CR2]\]. Accordingly, the demand for cancer rehabilitation is increasing. Because of the long time periods associated with cancer treatment, most survivors do not return to their previous state of well-being \[[@CR3], [@CR4]\].

According to the International Classification of Impairments, Disabilities, and Handicaps (ICIDH) developed by the World Health Organization, impairment refers to a problem associated with a bodily structure or organ, whereas disability refers to a functional limitation in a particular activity \[[@CR5]\]. The ICIDH was substituted by the International Classification of Functioning, Disability, and Health (ICF) in 2001 \[[@CR6]\], which combines more positive aspects of body functions, activities, and participation. Cancer patients suffer from a wide range of impairments, partially because of either the disease itself or the adverse effects of treatment. Both physical and psychological impairments contribute to decreased quality of life which may result in disability \[[@CR5]\]. Recently, many researchers have demonstrated that cancer rehabilitation improves physical and cognitive impairments, societal participation, and QOL at every stage along the treatment course for a variety of cancer type \[[@CR7]--[@CR10]\].

Impairment-driven cancer rehabilitation is a model advocated by Silver et al. since 2013 \[[@CR11]\]. They emphasized the importance of identifying physical impairments because disability is frequently driven by the interactions of multiple physical impairments. They stressed that an important component of the rehabilitation care continuum should be offered to survivors only after their impairments have been identified and treated optimally, and safety precautions and contraindications have been identified and documented. To improve the oncology-rehabilitation interface, screening and treating for all impairments should be performed throughout the course of care \[[@CR11]\].

Among the different impairments in cancer patients, neoplastic spinal compression is unique because the severity of impairment (or of disability) does not correlate with the pathological grade of malignancy. The impairment is associated with the level of spinal cord injury and the volume of spinal compression \[[@CR12]--[@CR14]\]. Thus, we assume that disability from neoplastic spinal compression can be prevented with appropriate surgical, medical, and rehabilitative interventions aimed to treat these spine-specific factors and such interventions would be effective even in patients at the palliative stage.

We evaluated the spine-specific factors based on two independent biological aspects: skeletal instability and tumor growth \[[@CR15], [@CR16]\]. Skeletal instability is caused by the destruction of bony structures. A pathological fracture may occur and fragments in the spinal canal may cause neurological deficit. In terms of tumor growth, the volume of rapidly-growing tumors in the spinal canal may threaten the spinal cord directly, even if skeletal stability was preserved. Regarding surgical approaches, wide resection has been considered the curative treatment because both local and marginal resection may result in higher rates of recurrence. Therefore, conservative surgeries for local control have rarely been performed for these patients \[[@CR17], [@CR18]\]. However, to treat skeletal instability, some surgical approaches have been reported \[[@CR19]--[@CR22]\].

Minimally invasive spine stabilization (MISt) with percutaneous pedicle screws (PPS) have shown advantages of relatively lower blood loss, less morbidity, shorter hospital stays, lower postoperative infections and immediate mobilization without the need for external bracing \[[@CR20]--[@CR22]\]. Several studies have reported improved activities of daily living (ADL) after MISt with PPS as a palliative surgery for patients with neoplastic spinal cord compression \[[@CR20]--[@CR22]\]. However, since most studies lack the impairment-driven approach, surgical indications still remain unclear.

In this study, we hypothesized that there are certain cancer populations, whose impairments are suitable for rehabilitation with MISt. For these patients, this intervention may improve ADL more effectively than for other cancer patients. This study aimed to identify the status at which rehabilitation with MISt effectively improves ADL.

Methods {#Sec2}
=======

We retrospectively reviewed the data of 27 consecutive patients with neoplastic spinal compression who were treated with MISt and received immediate rehabilitation thereafter. Before the surgery, the status of impairment was evaluated based on both spine-specific factors and other factors. The neurological deficit, ambulation status, progress of pathological fracture, collapse, and postoperative implant failure were examined. Furthermore, the relationship between the improvement of Barthel index (BI) \[[@CR23]\] and prognosis was statistically analyzed.

Patients {#Sec3}
--------

This retrospective study was conducted at Nara Medical University Hospital. The study protocol was approved by the institutional review board of the hospital and was conducted in concordance with principles of the Declaration of Helsinki and with the laws and regulations of Japan. A consecutive cohort of 27 patients with neoplastic spinal cord compression from 2014 to 2017 who met the surgical indications described below were enrolled. The treatment strategy for all the patients was assessed by the multidisciplinary tumor board of our hospital. Informed consent was obtained through our website. Inclusion criterion was patients with MISt for neoplastic spinal cord compression during the study period. We provided informed consent to all patients and no cases opted-out. No cases were excluded from the study. Follow-up periods averaged at 420 ± 357 days (range, 30--1305 days).

Surgical indication for MISt {#Sec4}
----------------------------

Surgical indication for MISt was assessed comprehensively by the multidisciplinary tumor board for skeletal metastasis, based on clinical findings including (1) spinal instability, (2) radiological spinal compression, (3) prognosis, (4) feasibility for the stabilization surgery (whether patients had multiple spinal lesions), (5) presence of pain or neurological deficits. Spinal instability was evaluated using the spinal instability neoplastic scale (SINS) score \[[@CR15]\]. The SINS is generated by tallying each score from the 6 individual components (location, pain, bone lesion quality, spinal alignment, vertebral body collapse, and posterolateral involvement of spinal elements). It has excellent inter- and intraobserver reliability in determining three clinically relevant categories of stability \[[@CR15]\]. Score ≥ 7 was classified as potentially unstable or unstable. To assess the degree of cord compression, the 6-point epidural spinal cord compression (ESCC) grading scale was used \[[@CR16]\]. It is a magnetic resonance (MR) imaging-based grading scale, which is based on the degree of impingement of cerebrospinal fluid (CSF) space. The inter- and intraobserver reliability was reported from good to excellent \[[@CR16]\]. After grading, neurological findings were evaluated. Regarding prognosis, we referred to the Revised Tokuhashi score \[[@CR24]\] and the new Katagiri score \[[@CR25]\]. Patients' with estimated life expectancy of ≥ 1 month were assessed for surgery. The surgery involved a short posterior fixation with PPS placed at two vertebral levels above and two level below the lesion. Patients with multiple spinal lesions expanding the vertebra of planned fixation level were deemed unfeasible for surgery. In addition to fixation, posterior decompression was performed in cases of tumors occupying only the posterior epidural space and was not considered hemorrhagic by radiological and pathological findings.

Multidisciplinary tumor board for skeletal metastasis {#Sec5}
-----------------------------------------------------

The multidisciplinary tumor board (MDTB) for skeletal metastasis at Nara Medical University Hospital was established in 2010. Since then, the disability/impairment statuses of each patient have been evaluated. The treatment plans for approximately 100 patients have been discussed per year. The monthly board meetings are attended by physicians, medical oncologists, radiation oncologists, diagnostic radiologists, physiatrists, orthopedic oncologists, spine surgeons, advanced practitioners, oncological nurses, and clinical support staffs. Besides the regular monthly board meetings, web discussions are held for emergency cases selected based on the electronic medical record system of the hospital. Cases eligible for presentation include new or existing outpatients or inpatients with skeletal metastasis. The multidisciplinary tumor board supported coordination, communication, and decision-making between team members. Based on these discussions at the board, all patients would immediately receive intensive and regular adjuvant treatments including radiation therapy, chemotherapy, palliative care, and rehabilitation.

Rehabilitation {#Sec6}
--------------

Rehabilitation was started 1 day after surgery and involved tasks like sitting, standing, and walking, similar to rehabilitation programs after general (non-oncological) spine surgeries. Four patients, who had complete motor paraplegia before the surgery, did not show any improvement in physical function, yet the stabilized spine enabled them to train in wheelchair riding with decreased pain.

Outcome evaluation {#Sec7}
------------------

All patients were hospitalized for surgery. Preoperative measurement was performed at admission, and postoperative measurement was performed at discharge, by medical doctors in the department of rehabilitation medicine. Primary outcome was the Barthel index. Secondary outcomes were neurological deficits using the Frankel Scale (A--E) \[[@CR26]\], duration to the start of ambulation exercises, the progress of pathological fractures, incidence of vertebral collapse, postoperative implant failure, and overall survival.

The Frankel Scale {#Sec8}
-----------------

The Frankel Scale classifies the extent of the neurological/functional deficit into five grades. Frankel grade A patients are those with complete motor and sensory lesions. Grade B patients have sensory only functions below the level of injury. Grade C patients have some degree of motor and sensory function, but their retained/recovered motor function is useless. Grade D patients have useful, but abnormal, motor function below the level of injury. And grade E patients have complete motor/sensory recovery \[[@CR26]\].

Duration to the start of ambulation exercises {#Sec9}
---------------------------------------------

Duration (days) to the start of ambulation exercise after the surgery was determined from the medical records.

Progress of pathological fractures and incidence of vertebral collapse {#Sec10}
----------------------------------------------------------------------

The progress of pathological fracture, vertebral collapse, or implant failure was checked using routine radiographs after surgery, which were taken every 3--4 weeks.

Overall survival {#Sec11}
----------------

Overall survival was assessed at the final follow-up in the outpatient department. Patients were evaluated as alive with disease (AWD) or dead of disease (DOD). We found no patients with no evidence of disease (NED) or continuously disease free (CDF).

The Barthel index {#Sec12}
-----------------

The Barthel index (BI) is one of the most widely used rating scales for the measurement of activity limitations in patients with neuromuscular and musculoskeletal conditions \[[@CR23]\]. It consists of 10 items that measure a person's daily functioning, including feeding, bathing, grooming, dressing, toilet uses, transfers, mobility, and stair use \[[@CR23]\]. BI received high mark reliability and validity ratings in various reports \[[@CR27]--[@CR29]\].

Statistical analysis {#Sec13}
--------------------

Statistical analysis was performed using the JMP14.0 software (SAS Institute, Cary, NC, USA) and G\*Power software 3.1 (University of Dusseldorf). A *p* value of \< 0.05 was considered statistically significant. The Wilcoxon signed-rank test was used to evaluate differences in the BI scores before and after surgery because the data was nonparametric using the Shapiro-Wilk test. The Mann-Whitney *U* test, Kruskal-Wallis test, and Spearman correlation test were used to evaluate the association between BI score gain and the variables including tumor progression, ESCC grade (1, 2 versus 3), SINs, and radiation therapy status.

Results {#Sec14}
=======

Patients' characteristics {#Sec15}
-------------------------

Table [1](#Tab1){ref-type="table"} shows the patients' characteristics. Patients included 16 men and 11 women; the mean age at surgery was 65.1 years (range, 18--84 years). Location of primary lesion was lung in 29.6%, liver (or gallbladder) in 14.8%, colon in 11.1%, prostate in 11.1%, kidney in 11.1%, breast in 11.1%, stomach in 3.7%, bone in 3.7%, and lymph node in 3.7%. Frankel's classification of preoperative paralysis was B in 14.8%, C in 11.1%, D in 11.1%, and E in 63%. Degree of cord compression assessed with the ESCC grading scale included 3.7% with grade 1a, 3.7% with grade 1b, 3.7% with grade 1c, 25.9% with grade 2, and 63.0% with grade 3. Table 1Patients characteristics (*n* = 27)ValuableValueGender, *n* (%) Male16 (59.3) Female11 (40.7)Age (mean ± SD), years65.1 ± 15.665 Range, years18--84Primary tumor, *n* (%) Lung8 (29.6) Liver, gallbladder4 (14.8) Colon3 (11.1) Prostate3 (11.1) Kidney3 (11.1) Breast3 (11.1) Stomach1 (3.7) Bone1 (3.7) Lymph node1 (3.7)Frankel classification (preoperative), *n* (%) A0 (0) B4 (14.8) C3 (11.1) D3 (11.1) E17 (63)ESCC grade, *n* (%) 1a1 (3.7) 1b1 (3.7) 1c1 (3.7) 27 (25.9) 317 (63)

Duration to ambulation and functional prognosis after surgery {#Sec16}
-------------------------------------------------------------

Table [2](#Tab2){ref-type="table"} shows the clinicopathological data and functional prognosis, including days to ambulation recovery. Although the spinal cord was highly compressed in almost 90% of patients (25.9% of patients had ESCC grade 2 and 63.0% of patients had grade 3), the mean duration to ambulation was 7.19 ± 11 days (range, 1--49 days). Considering the high rate of patients with severe cord compression, it is noteworthy that all patients achieved ambulation after surgery, except for 14.8% of patients who had complete motor paraplegia before surgery. There was no case of implant failure or vertebral collapse after surgery. Table 2Clinicopathological data and functional prognosis including first ambulation (days) after the surgeryPatient no.Tumor progression classified by Katagiri et al.ESCC gradeSINsFrankel classification, preoperative/postoperativePathology levelInstrumentation levelFirst ambulation training (days after the surgery)Implant failureCollapseRTBI gain1Slow211D/DT3T1-52\--+802Slow210E/EL3L1-52\--+953Slow314E/DT3-6, 8, 11, L2T11-L34\--+904Slow316E/ET5.11T2-L27\--+55^\*^Slow311B/BT6T4-86\--+206Slow312C/DT4T2-61\-\--257Slow310E/ET7T5-92\--+358Moderate1a5E/ET7T5-93\--+09Moderate1b11E/ET12T10-L22\--+3010Moderate26E/ET7T5-94\--+− 511Moderate316C/CT11, L2T9-L44\--+4012Moderate37E/EL2T12-L44\--+013Moderate310E/CT8T5-T1124\-\--1014^\*^Moderate38B/BT7T4-102\-\--2515Rapid1c11C/CL4, 5L1-S12\-\--5016^\*^Rapid29B/CT6, 8T4-T1010\--+− 1517Rapid211D/DT9T7-114\--+6018Rapid28E/EL3L1-L51\-\--− 1019Rapid210E/DL4L2-S11\-\--6020Rapid311D/BT2T1-349\--+021Rapid311E/ET10T8-121\--+2022Rapid313E/ET12T10-L2NE^\*\*^\-\--− 1023Rapid310E/EL2T12-L49\--+− 524Rapid311E/ET12T10-L22\--+9525Rapid312E/BT6T3-935\-\--− 3526Rapid38E/ET4, 5T2-71\--+027^\*^Rapid312B/CT3T1-55\-\--35^\*^Patients 5, 14, 16, and 27 were nonambulatory due to motor paralysis before the surgery^\*\*^Patient 22 could not receive the training due to worsening of general condition

Neurological recovery on the Frankel scale {#Sec17}
------------------------------------------

Table [3](#Tab3){ref-type="table"} shows the neurological recovery in terms of the Frankel scale. Neurological deficiency was improved to or maintained at grade E in 59.3% of patients, remained unchanged in 22.2% of patients (in grades B, C, D) and worsened in 18.5% of patients. Table 3Neurological recovery on the Frankel scaleFrankel classificationNumber of cases before surgery, *n* (%)Number of cases after surgery, *n* (%)ABCDEA0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)B4 (14.8)0 (0)2 (7.4)2 (7.4)0 (0)0 (0)C3 (11.1)0 (0)0 (0)2 (7.4)1 (3.7)0 (0)D3 (11.1)0 (0)1 (3.7)0 (0)2 (7.4)0 (0)E17 (63)0 (0)1 (3.7)1 (3.7)2 (7.4)13 (48.1)

Change of the Barthel index (BI) before and after surgery {#Sec18}
---------------------------------------------------------

Figure [1](#Fig1){ref-type="fig"} presents the changes of the BI scores after surgery. BI score comparisons before and after surgery in all patients showed statistically significant increments, suggesting improvement of ADL (Fig. [1](#Fig1){ref-type="fig"}a, *p* = 0.017, power = 0.97, effect size = 0.8). Figure [1](#Fig1){ref-type="fig"}b shows the changes of the BI scores in patients capable of ambulation within 7 days, which also suggested significant improvement of ADL (*p* = 0.003, power = 0.92, effect size = 0.8). However, we were unable to evaluate those in patients incapable of ambulation within 7 days because statistically underpowered (Fig. [1](#Fig1){ref-type="fig"}c). Changes of the BI scores in patients alive with disease (AWD) are shown in Fig. [1](#Fig1){ref-type="fig"}d, and those in patients dead of disease (DOD) are shown in Fig. [1](#Fig1){ref-type="fig"}e. While patients AWD were statistically underpowered, patients DOD showed no statistical differences in the BI scores after surgery (*p* = 0.11, power = 0.83, effect size = 0.8). Figure [1](#Fig1){ref-type="fig"}f and g present changes of the BI scores in patients dead within 3 months after surgery and patients alive 3 months after surgery, respectively. The latter presented significant improvement of ADL (*p* = 0.006, power = 0.96, effect size = 0.8). Data on patients who died within 3 months were statistically underpowered. Fig. 1Changes in Figure 1 - small text & poor quality image/text ; Figure 2 - poor quality image/text. Please provide replacement of figure files. Otherwise kindly confirm if we can retain the current presentation.the BI scores after surgery in patients. **a** Comparison in all patients before and after surgery. The 95% confidential interval (C.I.) was 25.4--55.0 in the preoperative and 53.0--80.2 in the postoperative patients; *p* = 0.017. **b** Changes in the BI scores in patients capable of ambulation within 7 days. The 95% C.I. was 25.3--60.8 in the preoperative and 68.0--90.1 in the postoperative patients; *p* = 0.003. **c** Changes in the BI scores in patients incapable of ambulation within 7 days. The 95% C.I. was − 3.35 to 63.4 in the preoperative and − 13.2 to 54.9 in the postoperative patients; *p* = 0.33. **d** Change in the BI scores in patients AWD. The 95% C.I. was 21.9--76.2 in the preoperative and 51.3--91.5 in the postoperative patients; *p* = 0.15. **e** Change in the BI scores in patients DOD. The 95% C.I. was 15.4--52.8 in the preoperative and 41.5--83.5 in the postoperative patients; *p* = 0.11. **f** Changes in the BI scores in patients who died of disease within 3 months of surgery. The 95% C.I. was − 1.54 to 41.5 in the preoperative and − 33.0 to 68.0 in the postoperative patients; *p* = 0.31. **g** Changes in BI scores in patients who died of disease after more than 3 months. The 95% C.I. was 26.7--60.6 in the preoperative and 61.9--87.2 in the postoperative patients; *p* = 0.006

Association between BI score gain and variables including tumor progression, ESCC grade, SINs, and radiation therapy status {#Sec19}
---------------------------------------------------------------------------------------------------------------------------

Univariate logistic analysis was performed to identify the predictor variables associated with the BI score gains. However, no statistical significance was shown with tumor progression (*p* = 0.136), ESCC grades (*p* = 0.529), SINs (correlation coefficient = 0.294, *p* = 0.136), preoperative ambulation status, or radiation therapy status (*p* = 0.519).

Discussion {#Sec20}
==========

Previously, Uei et al. reported 40 patients with spinal metastasis treated with MISt. They focused on the surgical technique, comparing prognosis with and without posterior decompression \[[@CR30]\]. They concluded that MISt without decompression is advantageous for certain patients; however, they did not perform statistical analysis of the Barthel index (BI) scores between before and after surgery. Kwan et al. reported 50 cases of spinal metastasis treated with MISt \[[@CR31]\]. They performed survival analysis after MISt and concluded that MISt is acceptable as a palliative surgery. From the view of impairment-driven cancer rehabilitation, we believe that MISt-related studies should be much more QOL-oriented. In this study, we classified the impairments of patients through our multidisciplinary tumor board. We identified patients whose main impairments were spinal (skeletal) instability and those who underwent MISt and received immediate rehabilitation. In order to control tumor growth, additional chemotherapy and/or radiotherapy are required. Ambulation status has considerably improved after the surgery. Although many presented with high degrees of cord compression before surgery, early ambulation was achieved in almost all patients, suggesting that metastatic paraplegia can be prevented even if skeletal instability has caused critical physical impairment to the patient (Table [2](#Tab2){ref-type="table"}).

Skeletal stabilization through MISt using PPS may affect neurological recovery. In our series, neurological deficiencies were improved or maintained in 22 patients, but worsened in 5 patients. Tumor volume leading to spinal compression is dependent on tumor growth speed. However, in the cases in which tumor growth was relatively slow or controlled by adjuvant therapy, stabilization surgery decreased swelling of the spinal cord and hence skeletal pain, eventually supporting neurological recovery (Table [3](#Tab3){ref-type="table"}).

Results from the comparison of BI scores before and after surgery may suggest a more detailed surgical indication. Although this study is a retrospective review with limited number of cases, sufficient statistical power supported the efficacy of MISt in the improvement of ADL in patients with neoplastic spinal cord compression. Furthermore, through subgroup analyses, we found good functional prognosis in patients capable of ambulation within 7 days, and in patients who could survive longer than 3 months after the surgery. In the former comparison, patients whose general conditions worsened because of impairments from underlying diseases unrelated to spine could not ambulate within 7 days even with a stabilized spine and eventually showed no improvement of ADL. From the latter, we postulate that a 3-month life expectancy is a possible indication for MISt with neoplastic spinal cord compression. These findings may indicate a population who can be treated using this approach.

According to the Silver's model \[[@CR11]\], rehabilitation should be offered only after their impairments have been identified and treated optimally, and all safety precautions and contraindications have been identified. For patients with neoplastic spinal cord compression, at first, the impairment should be clarified to confirm if MISt is effective. After the treatment, immediate rehabilitation can be provided to the patients to obtain early ambulation.

To avoid preventable disabilities from metastatic paraplegia, spine-related impairments should be distinguished from other oncological impairments and further characterized based on two independent biological aspects, skeletal instability and tumor growth, as were done through the MDTB of our hospital. Two types of schemes of malignant spinal compression are shown in Fig. [2](#Fig2){ref-type="fig"}. Figure [2a](#Fig2){ref-type="fig"} shows a case with skeletal instability as the major factor for impairment, while Fig. [2b](#Fig2){ref-type="fig"} shows a case with tumor growth as the major factor for impairment. In terms of effective interventions to avoid disability, the former is an indication for spinal stabilization surgery, while the latter is an indication for additional chemotherapy and/or radiotherapy, typically in patients with treatment-sensitive tumors. However, our study involved a population of patients whose BI scores did not improve after surgery. Further investigations are required to estimate the possible progress of impairments due to underlying conditions unrelated to the spine. Fig. 2Schema of malignant spinal compression. Two representative statuses of malignant spinal compression are shown in **a** and **b**. **a** Skeletal instability as the major factor for impairment. **b** Tumor growth as the major factor for impairment. In the former case, spine stabilization may avoid the disability while in the latter, chemotherapy and/or radiotherapy are required (**c**)

There were several limitations in this study. This was a one arm retrospective study with a small sample size. The primary tumors were heterogeneous. Further larger-scale studies are required.

Conclusion {#Sec21}
==========

In patients with neoplastic spinal cord compression, impairment-identification is of utmost importance. First of all, spine-specific impairments should be distinguished from other oncological impairments. These spine-specific impairments should then be evaluated based on two aspects: skeletal instability and tumor growth. For patients whose primary impairment was skeletal instability, MISt enabled them to ambulate early by immediate rehabilitation; this was reflected by their improved BI scores. Disability from neoplastic spinal compression can be prevented with appropriate interventions in those patients, which may increase the quality of life even if the patients are at the palliative stage of care.

ADL

:   Activities of daily living

AWD

:   Alive with disease

BI

:   Barthel index

CSF

:   Cerebrospinal fluid

DOD

:   Dead of disease

ESCC

:   Epidural spinal cord compression

ICF

:   International Classification of Functioning, Disability, and Health

ICIDH

:   International Classification of Impairments, Disabilities, and Handicaps

MDTB

:   The multidisciplinary tumor board

MISt

:   Minimally invasive spine stabilization

PPS

:   Percutaneous pedicle screws

SINS

:   Spinal instability neoplastic scale
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